Patients and methods
This was a prospective, randomized, single-blinded, single-center study evaluating the effect of diet on bowel preparation adequacy. All colonoscopies were performed by board-certified gastroenterologists without Fellow involvement. All subjects received monitored anesthesia care using propofol-based sedation administered by a certified registered nurse anesthetist. The study was approved by the Institution Review Board at Thomas Jefferson University and registered through the U.S. National Institutes of Health at ClincalTrials.gov (#NCT01876576).
Subjects
Eligible subjects were ≥ 18 years old who were scheduled to undergo elective outpatient colonoscopy. Exclusion criteria included pregnancy, breast feeding, gastroparesis (suspected or established), chronic nausea or vomiting, hypomotility syndromes (pseudo-obstruction, etc.), colonic resection, bowel obstruction, severe constipation (≤ 1 bowel movement per week), glucose-6-phosphate dehydrogenase deficiency, PEG allergy, significant psychiatry illness (schizophrenia, active bi-polar, severe depression, etc.), and inability or unwillingness to consent. Subjects could withdraw at any time.
Consent and randomization
Informed consent was provided in private by an investigator uninvolved in performing colonoscopy. Following consent, the same investigator immediately randomized the subject using a schedule generated by http://www.randomization.com. This investigator was not privy to the randomization assignment at the time of consent. Upon randomization, written instructions were reviewed with, and provided to, subjects regarding their specific assignment to a clear liquid diet ("Clears") or a low-residue diet ("Low-residue"). Subjects were instructed to not discuss their assigned diet with the physician performing the colonoscopy.
Protocol
The Clears Diet consisted of clear liquids for the entire day prior to colonoscopy and up to 2.5 hours before colonoscopy. Patients were provided with a list of permissible clear liquids. Patients in the Low-residue arm were permitted a low-residue diet the day prior to colonoscopy up to 1 pm, and this was followed by clear liquids up to 2.5 hours before colonoscopy. Patients created their own low-residue diet guided by an instruction sheet created by a registered dietician of examples of foods that are permissible and those that are not. (Addendum A)
All subjects in both study arms received 2 L PEG-ELS (MoviPrep®, Salix Pharmaceuticals, Morrisville, NC) administered as a split dose. The first liter was consumed as 250 cc every 15 minutes, along with 500 cc of clear liquids, beginning at 5 pm the day prior to colonoscopy. This was repeated for the second liter beginning 4 hours prior to colonoscopy.
On the day of the procedure, immediately prior to colonoscopy, vital signs were measured (weight and orthostatic assessment of blood pressure and pulse) and questionnaires were administered assessing compliance, side effects, satisfaction, sleep quantity and quality, and ability to work as well as productivity the day prior to colonoscopy. Adverse events (AEs) were measured using a 10-point Likert scale from 0 (none) to 10 (severe). Sleep quantity was measured by comparing the average number of hours the subject normally sleeps to the number of hours they slept the night before colonoscopy. Sleep quality was rated on a 5-point scale: very poor (1), poor, average, good, and very good (5) . Finally, work and productivity were measured using questions adapted from The Health and Labour Questionnaire [9] . (Addendum B) Data recorded during the colonoscopy included procedure duration (total, insertion, and withdrawal excluding interventions) and cecal intubation, as well as polyp detection including number, location, size, and method of removal. Each polyp was placed in a separate container for pathology. Once available, final pathology results were recorded including histology (hyperplasia, adenoma, sessile serrated polyp, cancer, other), degree of dysplasia (low-or high-grade), and whether a villous component was present.
Immediately after completing the colonoscopy, the endoscopist evaluated the preparation using the Boston Bowel Preparation Scale (BBPS) [10] . Prior to beginning the study, each colonoscopist reviewed the BBPS training video made available by the Boston University School of Medicine (http://www.cori.org/ bbps). The endoscopist also estimated the amount of intra-procedure flushing (none, < 50 cc, 50 -100 cc, > 100 cc) and indicated whether they remained blinded to the subject's diet assignment. If the colonoscopy preparation was poor, the endoscopist used personal judgment regarding whether the colonoscopy should be aborted.
Endpoints
The primary trial endpoint was the dichotomous index of adequate colon preparation (adequate [BBPS > 5] versus inadequate [BBPS ≤ 5]) for the whole colon. Secondary endpoints included BBPS scores for each graded segment (right, transverse, and left), polyp and adenoma detection rate (number of patients with at least one lesion/number of colonoscopies X 100), side effects, preparation completion (≥ 90 % consumed), quality of life measures (satisfaction, sleep quality, and day prior work and productivity), and other colonoscopy measures (flushing, total and withdrawal procedure duration, and cecal intubation).
Statistics
The primary endpoint was tested by a one-sided Wald test for non-inferior proportion of adequate preparation by the Low-residue diet as compared to Clears with a pre-specified margin. We expected about 90 % of subjects assigned to Clears to be adequate, and the non-inferiority margin was set at a risk difference (RD) of -13.5 %. The non-inferiority margin selected was based on the risk difference of several published purgative studies [11 -15] . If the true adequacy of the comparators was indeed the same, then 70 subjects in each group was expected to provide 81 % power to establish non-inferiority with a 5 % type I error rate.
For secondary analyses, summary statistics were computed for both groups on each endpoint along with two-sided superiority test statistic P values. For the dichotomous endpoints, Fisher's exact test was used. Group differences across the 4 flushing categories were evaluated by the parametric Pearson's chi square test. Count data for the number of polyps and adenomas (included sessile serrated polyps) detected were evaluated by using generalized linear zero-inflated Poisson regression models to compute incidence rate ratios (IRR) between groups with 95 % confidence intervals (CI). Group differences between continuous and ordinal variables were evaluated by Wilcoxon rank-sum test. Multivariable analyses were conducted to adjust for potential confounding for age, gender, and indication.
Descriptive statistics were used to describe the groups and uncover possible confounding of the Low-residue vs. Clears comparison for the primary endpoint. We adjusted the estimated RD for potential confounders by modeling them as covariates in a generalized linear binomial regression model. The zero-inflated Poisson models were also expanded to include adjustment terms for potential confounders. Sensitivity analyses for the number of adenomas detected were also conducted to determine the influence of adenoma multiplicity.
All tests were conducted with significance level α = 0.05. All analyses were performed on an intention to treat basis -all patients were included in the group to which they were randomized irrespective of whether they complied with the assigned diet or purgative. However, patients who withdrew consent or cancelled their colonoscopy were excluded from all analyses. Separate per protocol analyses are not provided as we felt that compliance with the assigned intervention or control treatment was similar across both groups, which would essentially make the per protocol and intention to treat analyses the same. The analyses were carried out with SAS 9.3 (SAS Institute Inc., Cary, NC).
Results
Between July 2012 and February 2013, a total of 230 patients were approached and 188 were randomized to either Clears (n = 94) or Low-residue (n = 94). A consort diagram summarizes the patient flow and disposition (▶ Fig. 1 ). Twenty-two patients assigned to Clears and 26 patients assigned to Low-residue withdrew from the study. The final analyses included a total of 140 patients with 72 assigned to Clears and 68 to Low-residue.
Patient characteristics are summarized in ▶ Table 1 . The Low-residue group had more women (61.8 % vs. 52.8 %), a greater proportion of older patients, and differences in indication for colonoscopy with more performed for symptoms (23.9 % vs. 13.9 %) and fewer for surveillance (28.4 % vs. 38.9 %). Both age and gender were evaluated as possible confounders since they were both imbalanced between groups. However, unlike age, gender was not strongly related to the outcomes that were evaluated.
Bowel preparation results are summarized in ▶ Table 2 . For the primary outcome of preparation adequacy, the Low-residue diet was non-inferior to Clears (RD = -5.08 %, P = 0.04) after ad- ▶ justing for confounding associated with the imbalanced age distribution noted above. With respect to bowel preparation scores for the total colon and for each colonic segment (right, transverse, and left), there were no significant differences between the two study groups.
Compliance and satisfaction with diet assignment and purgative ingestion is summarized in ▶ Table 3 . Satisfaction with diet was significantly greater with a low-residue diet (P = 0.01). Adherence to diet instructions was similar between the study groups. While completion of greater than 90 % of the evening dose of purgative was very similar among those assigned Clears vs. Low-residue (respectively, 92.9 % vs. 92.7 %), fewer patients in the Low-residue arm tended to complete greater than 90 % of the morning purgative dose (91 % vs. 79.1 %, P = 0.09).
▶ Table 4 summarizes colonoscopy findings. The binary, patient-level adenoma detection rate was similar between the study groups (Low-residue vs. Clears: 35.3 % vs. 44.4 %; P = 0.30). However, the total number of adenomas detected was significantly greater in those receiving Clears (38 vs. 72, IRR = 1.84 (95 % CI: 1.16, 2.91); P = 0.01). The binary, patient-level polyp detection rate was also similar in both groups, but the total number of polyps detected was also significantly greater in the Clears group (81 vs. 134, IRR 1.43 (95 % CI: 1.04, 1.96); P = 0.03). A sensitivity analysis where we removed the three patients with a large number of adenomas ( > 6; each was assigned to the Clears group) was performed. This analysis found the difference in the total number of adenomas and polyps detected in the Clears group to no longer be significant (IRR = 1.40, (95 % CI: 0.86, 2.27); P = 0.17 and IRR = 1.24, (95 % CI: 0.90, 1.72); P = 0.19). In terms of polyp size, an ordinal logistic regression model to this endpoint found that the odds of having a higher maximum polyp size did not depend significantly by diet (OR = 0.77; 95 % CI: 0.34, 1.74; P = 0.53). ▶ Table 5 provides the number of patients within each study group according to three categories of polyp size.
There was no statistically significant difference between the study groups with respect to intra-procedure flushing and colonoscopy duration (total, insertion, and withdrawal independent of interventions). Multivariable analyses revealed that age, gender, and indication were not significant predictors of cecal intubation or adenoma or polyp detection and did not confound the results shown for the comparison between study groups for these 2 endpoints.
Patients were not excluded on basis of taking medications that would slow gastrointestinal motility. Patients were asked to provide a list of their current medications. ▶ Table 6 summarizes the number and percentage of patients within each study group who were taking any one of eighteen recorded medication classes. There were no significant differences between the groups with respect to any of these 18 drug classes. There was a trend toward a higher percentage of the Clears group taking diabetes, psychiatric, or neurologic meds. There was also a trend toward a higher percentage of the Low-residue group taking vitamins, herbs, and supplements. The study groups did not significantly differ with respect to adverse events (abdominal pain, bloating, hunger, light headedness, nausea or vomiting), quality of sleep, or productivity the day prior to colonoscopy.
Discussion
It is now widely recognized that administering at least part of a purgative on the day of colonoscopy improves cleansing efficacy [16] . A secondary benefit of split dose regimens is improved patient satisfaction [8] . Our study addresses another source of patient dissatisfaction with colonoscopy: the diet preceding this procedure. Joint guidelines' discussion of diet for colonoscopy state "patients generally adopt a liquid diet one or more days before the examination" [17] . In addition to a full day or more of clear liquids, some physicians may recommend additional dietary alterations and/or other supplements to the prescribed purgative.
We found that a low-residue diet for breakfast and lunch the day prior to colonoscopy was non-inferior to clear liquids for ▶ achieving an adequate colon preparation. A low-residue diet was non-inferior despite a lower rate of purgative completion on the day of colonoscopy. As a secondary outcome, mean bowel preparation scores for the whole colon, and by colon segment, were evaluated and found to be similar between both diets. While satisfaction with diet was superior in the low-residue group, no advantage was shown with respect to AEs, productivity, and quality measures (ADR, colonoscopy completion, withdrawal time). A significantly greater number of adenomas were detected in the Clears arm. Our sensitivity analyses of adenomas and polyps detected suggests that the significance of these findings were highly sensitive to possible outlier effects caused by a few patients assigned to the Clears having 6 or more adenomas detected. However, the IRRs from these sensitivity analyses were still high, suggesting that this study was underpowered for adenoma and polyp detection. Rather than following a standardized or pre-packaged menu, each patient assigned to the low-residue diet was permitted to create their own menu based on guidelines created by a registered dietician. This approach has several advantages. To begin, it permits generalized adoption of this diet option outside a study setting. Furthermore, giving patients greater latitude permits adaptation to a variety of dietary needs and preferences. Finally, patients incur no additional charges that may be associated with pre-prepared meals.
Our study utilized a low-volume PEG-ELS purgative and builds on the work of others. A few studies have looked at the effect of diet in patients receiving hyperosmotic purgatives.
One study using split dose sodium phosphate liquid compared a low-residue breakfast to a low-residue breakfast and lunch. Using an unvalidated grading scale, these investigators found both diets to be efficacious [7] . Sipe et al compared clear liquids to a low-residue diet using split dose oral sulfate solution and found no significant difference in mean cleansing scores between the 2 groups [8] . Preparation adequacy was not an endpoint, and those assigned to the low-residue arm were required to strictly adhere to one of 3 specific menu offerings. A third study compared a low-residue diet to clears alone and used sodium picosulfate plus magnesium [6] . All patients received bisacodyl for 2 days prior to beginning the purgative. A hybrid dosing schedule was used: day prior for procedures before 11:30 am, and split dose for those with a later start time. The primary endpoint, mean cleansing scores, was not significantly different between the 2 arms. This study also graded cleansing with the Aronchick scale and found over 25 % in the low-residue arm to have inadequate cleansing (using a standard definition where adequate is comprised of good and excellent preparations).
Studies focused on diet that have utilized PEG-ELS have been limited by problems with study design. One protocol varied both purgative and diet between study arms, comparing a prepackaged low-residue diet with picosulfate plus magnesium and bisacodyl to a "standard" diet with 4 L PEG-ELS and bisacodyl [18] . Adequate bowel cleansing was superior in the low-residue arm. In another study, patients ingested 4 L PEG-ELS on the morning of colonoscopy and all patients followed a low-residue diet starting 3 days before colonoscopy [19] . However, on the day prior to colonoscopy 1 group continued this while the other group followed a clear liquid diet. In this study, a clear liquid diet was not found to be superior to a low-residue diet.
Despite low-residue food up to 1 pm, and starting the purgative at 5 pm, we did not observe greater productivity the day prior to colonoscopy in the Low-residue subjects. A prior study evaluating the efficacy of purgative administration entirely on the day of colonoscopy also found no significant improvement ▶ ▶ Table 5 Polyp size found within each diet group.
Polyp size Clears n (%) Low-residue n (%) in productivity or attendance at work the day prior (though those attending work had less interference with the work day with AM dosing) when compared to split dosing. We speculate that patient anticipation of problems with the preparation process may play a role here, and that better education at the time of scheduling might lessen the impact on productivity and attendance at work the day prior to colonoscopy. Our study has some limitations. To begin, there was a high drop-out rate in both arms, which can be attributed to financial limitations and expected withdrawal. As an unfunded study, there was limited research personnel time, necessitating restriction of the subject's colonoscopy date and time preferences. Subjects who rescheduled or cancelled procedures on short notice could no longer participate in our study. The lowresidue diet was non-inferior to clears, but this does not establish equivalence of the 2 diets or appropriateness for all patients undergoing colonoscopy. Additionally, analysis of this endpoint required adjustment for age imbalance between the groups. We assume this imbalance was due to random chance, although it is not clear if age might have interacted with diet assignment to influence the likelihood of withdrawal from the study. While not statistically greater, failure to achieve cecal intubation occurred more frequently in the Low-residue arm and this is likely related to inadequate cleansing. Excluded from this study were severely constipated patients (≤ 1 bowel movement per week) and those with known hypomotility disorders.
Medications known to slow gastrointestinal transit or increase the risk for inadequate colon cleansing were not exclusion criterion. There was no significant difference between the study groups with respect to the use of any of 18 recorded medication classes. However, there was a non-statistically significant trend toward greater use of diabetic, neurological, and psychiatric medications in the Clears group, which could have negatively influenced preparation scores in this group. Also, while we observed no instances of endoscopist unblinding to diet regimen, this possibility and its impact cannot be completely excluded. Furthermore, ours is a single-center study and the results may not be generalizable. Lastly, significantly more polyps and adenomas were detected in the Clears group. As mentioned above, this study was underpowered for detecting differences in the rates of adenoma and polyp detection. This study cannot evaluate whether the actual polyp and adenoma counts in these groups were disparate by chance or related to diet assignment.
Conclusions
In conclusion, a low volume PEG-ELS purgative administered as a split dose with a low-residue breakfast and lunch the day prior to colonoscopy improves patient satisfaction and is not inferior to clear liquids for achieving adequate bowel cleansing for colonoscopy. Adoption of this diet regimen may help breakdown one of the existing barriers to colonoscopy and should be considered, particularly for those who are low risk for preparation failure. A much larger study evaluating differences between these diet regimens for quality measures such as cecal intubation and adenoma detection would provide valuable information. 
▶

